Objective. This post-hoc pooled analysis evaluated categorical change in functional impairment in patients with major depressive disorder (MDD) treated with desvenlafaxine versus placebo and examined whether early improvement in functioning predicted functional outcomes at study endpoint.
Introduction
Functional impairment is a central feature of major depressive disorder (MDD). 1 The substantial impact of depression on workplace productivity is welldocumented, [2] [3] [4] [5] and impairment in other domains, including social functioning and home life or family relationships, is commonly observed in patients with MDD. 6 Among individuals surveyed in the National Comorbidity Survey Replication, 87% of the 622 respondents who met Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-IV), criteria for MDD reported at least moderate impairment in at least one functional domain; for 59% of respondents with MDD, functional impairment was characterized as severe or very severe. 6 Functional impairment in patients with MDD seems to improve with treatment along with reduction in depressive symptoms. 7, 8 However, functional recovery may lag behind symptomatic remission, [9] [10] [11] and residual symptoms of depression can delay full functional recovery even in patients who have achieved clinical remission. 12 Treatment goals for patients with MDD, therefore, should include both symptom remission and functional recovery. 13, 14 Proper management of MDD, including early optimization of treatment, 15 requires the assessment of psychosocial functioning throughout treatment. 13, 14 This means that, in addition to commonly used scales for measuring symptomatic improvement, clinicians should administer instruments designed to assess function in domains that are important to the patient (e.g., work, social, family) in order to monitor functional response to treatment. 13, 14, 16 The Sheehan Disability Scale (SDS) is among the most commonly used function scales in clinical trials of antidepressant treatment of MDD. 17 It is a patient-rated instrument that comprises three domains designed to assess function in work, social life, and family life. 18 Functional remission has been defined as an SDS total score ≤6, or a score ≤2 on each subscale. 19 Both mean changes in SDS scores and functional remission rates based on the SDS have been employed to determine the effects of antidepressant treatment on functional impairment associated with depression in clinical trials. [20] [21] [22] [23] [24] Cutler and colleagues 25 have suggested that examining categorical shifts in improvement on the SDS (rather than simply assessing changes in mean scores) can be useful in assessing clinically meaningful functional improvement in patients treated for depression. Using pooled data from clinical trials of levomilnacipran for the treatment of MDD, they examined proportions of patients who shifted from more severe to less severe categories of functional impairment after 8 or 10 weeks of antidepressant treatment. 25 When determined early in treatment, categorical shifts based on the SDS might also allow clinicians to better monitor patient progress over time. Desvenlafaxine (administered as desvenlafaxine succinate) is a serotonin-norepinephrine reuptake inhibitor that has demonstrated antidepressant efficacy in shortand long-term clinical trials. [26] [27] [28] [29] Desvenlafaxine is approved for the treatment of depression in adults with recommended therapeutic doses of 50 and 100 mg/d. 30, 31 In this post-hoc pooled analysis of eight short-term, placebo-controlled trials of desvenlafaxine for the treatment of MDD, we assessed categorical shifts in SDS scores. In addition, we extended the analysis to examine whether assessment of early improvement in function could inform clinician decisions for optimizing a treatment plan. In other words, what degree of improvement in function can be expected early in treatment, and can the patient's early progress (or lack thereof) indicate whether continuing this treatment is likely to bring the patient to functional recovery? The objectives of our analysis were to evaluate categorical changes in functional impairment measured by the SDS in patients with MDD treated with desvenlafaxine (at the approved doses of 50 or 100 mg) compared with placebo and to examine whether improvement in SDS subscale scores early in treatment could predict functional outcomes at study endpoint.
Methods

Dataset
This analysis included data pooled from eight multicenter, randomized, double-blind, placebo-controlled studies of desvenlafaxine for the treatment of MDD (Appendix Table 1; see Supplementary Materials for all  appendix tables and figures) . These comprise all phase 3, fixed-dose MDD studies including desvenlafaxine 50-and/or 100-mg dose arms conducted by the sponsor (Pfizer Inc) in which the SDS was administered. 26, 27, [32] [33] [34] [35] [36] [37] Each study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and was consistent with the principles of good clinical practice and the applicable regulatory requirements in each participating country.
Patients were randomly assigned to receive placebo or a fixed dose of desvenlafaxine (10, 25, 50 , 100, 200, or 400 mg) in each study (one study included duloxetine 60 mg/d), and data from placebo and the desvenlafaxine 50-and 100-mg/d treatment arms were included in the analysis. The studies were similar in design; however, six studies were 8 weeks in duration, one was 10 weeks in duration with a week 8 primary endpoint, and one lasted 12 weeks. The primary efficacy outcome for each study was change from baseline total score on the 17-item Hamilton Rating Scale for Depression 38 (HAM-D 17 ) at week 8 (except one study, 37 which had a 12-week primary endpoint). The SDS was administered in each study as a secondary efficacy outcome or health outcome assessment.
Patients
All studies enrolled adult outpatients with a diagnosis of MDD based on the DSM-IV 39 patients with an SDS total score ≥10 at both screening and baseline visits. 37 The exclusion criteria were designed to select a sample of medically stable patients with a primary diagnosis of MDD. Patients with a lifetime diagnosis of bipolar or psychotic disorder or other comorbid psychiatric disorders (except generalized anxiety disorder, panic disorder, or social anxiety disorder, not considered primary) were excluded. Patients with clinically important abnormalities on screening physical examinations, including vital signs and electrocardiograms, were also excluded, as were those who had a significant risk of suicide, current psychoactive substance abuse, or dependence.
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Outcome measures
The outcome measures for this pooled analysis were the three SDS subscales (work/studies, social life/leisure activities, and family life/home responsibilities) and SDS total score. For each subscale, patients rated the degree to which their activities were disrupted by depression using a scale from 0 to 10 (0 = not at all, 1-3 = mildly, 4-6 = moderately, 7-9 = markedly, and 10 = extremely). 18 SDS total score was calculated by summing the subscale scores. SDS total and subscale scores at weeks 2, 4, and 8 were evaluated in this analysis. The timepoint of primary interest was week 8.
Statistical analysis
The efficacy analysis was performed on the intent-totreat population, defined as all patients who were randomly assigned to treatment, took at least one dose of double-blinded study drug, and had at least one postbaseline HAM-D 17 score.
Shift tables were generated for change in functional impairment category from baseline to week 8, using the last-observation-carried-forward (LOCF) approach for handling missing data. For each subscale, the proportions of patients who shifted functional impairment categories were summarized by treatment group, using the categories of none/mild (0-3), moderate (4-6), and marked/extreme (7-10). 25 Shifts were also examined for the following endpoints of interest: improvement from moderate/extreme impairment (≥4) at baseline to mild/ no impairment (≤3) at week 8 (LOCF); improvement from marked/extreme impairment (≥7) at baseline to moderate/no impairment (≤6) at week 8 (LOCF); improvement from marked/extreme impairment (≥7) at baseline to mild/no impairment (≤3) at week 8 (LOCF); and improvement from baseline of at least one category in all subscales (for patients with ≥1 subscale measured as moderate or higher impairment at baseline). The proportion of patients with worsening function, from moderate/no impairment (≤6) at baseline to marked/ extreme impairment (≥7) at week 8 (LOCF), was also assessed. Treatment comparisons for each of the endpoints of interest were assessed using logistic regression, including treatment group, baseline SDS subscale score, study, and the interactions of treatment group and baseline SDS subscale score as independent variables. If there was no statistically significant interaction effect (p ≥ 0.05, twosided), the interaction term was dropped from the model; none of the final models included the interaction term. Treatment effects were expressed as the estimated odds ratio (OR) of each active treatment over placebo, and desvenlafaxine 100 mg/d over desvenlafaxine 50 mg/d.
The predictive value of early improvement in function (change in SDS subscale score) for functional outcome at week 8 (LOCF) was assessed for each SDS subscale in an analysis of the four studies that included the desvenlafaxine 100-mg dose groups. The predictor analysis was conducted based on early improvement at week 2 and repeated based on improvement at week 4. For each subscale, the outcome of interest was a functional improvement shift from marked/extreme impairment (≥7) at baseline to mild/no impairment (≤3) at week 8 (LOCF). Full functional recovery is the ultimate goal of MDD treatment, 13, 14 with functional remission being defined as SDS subscale scores ≤ 2; 19 for this particular analysis, we used a shift to mild/no impairment (≤3) as the endpoint given the low rates of functional remission at the end of an 8-week trial 23 and the de-synchronicity between symptomatic remission and functional recovery.
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A receiver operating characteristic (ROC) analysis was conducted to determine the optimal threshold of early improvement (percentage change from baseline in the SDS subscale score) for predicting achievement of the functional shift threshold for each respective subscale. First, changes in functioning over time were examined in patients included in the ROC analysis (patients with marked/extreme impairment (≥7) at baseline). Mean (± SD) percentage change from baseline in SDS subscale and total scores were summarized by treatment group. Next, optimal threshold of early improvement were determined using the Max-Min rule. 42 Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were computed for each threshold based on results from logistic regression with a shift to mild/no impairment (yes/no) at week 8 (LOCF) as the dependent variable and percentage change from baseline at week 2 as the independent variable. The proportions of patients who achieved a shift to mild/no impairment ( ≤3) at week 8 (LOCF) was calculated by threshold achievement (yes/no) at week 2 for each subscale. Odds ratios were computed from the logistic regression model to assess the predictability of week 2 improvement on a shift to mild/no impairment at week 8 (LOCF). The predictor analysis was repeated using early improvement at week 4.
Results
Patients
The intent-to-treat population for the eight pooled studies included 3,384 patients (Table 1) . Of those, 3,252 patients (desvenlafaxine 50 mg, n = 1,354; desvenlafaxine 100 mg, n = 568; placebo, n = 1,330) had SDS data at baseline. Shift analysis at baseline, the percentages of patients in each treatment group who were in the markedly/ extremely impaired category, ranged from 42.3 to 45.6% for the work subscale, 53.4 to 64.7% for the social subscale, and 49.2 to 59.3% for the family subscale; 26.5 to 37.7% were moderately impaired across treatment groups and subscales. At week 8 (LOCF), 47.2 to 55.6% of desvenlafaxine-treated patients had no/mild impairment (across doses and subscales; placebo, 37.6-42.8%), and 27.8 to 32.1% were moderately impaired (placebo, 33.3-34.7%).
Among desvenlafaxine-treated patients, 17.3 to 25.2% of patients, across doses and subscales, shifted from marked/extreme impairment at baseline to no/mild impairment at week 8 (LOCF), compared with 12.7 to 16.3% of placebo-treated patients across subscales (Table 2) . Across SDS subscales, 17.1 to 23.4% of placebo-treated patients versus 11.6 to 18.4% of desvenlafaxine-treated patients remained markedly/extremely impaired from baseline to week 8 (LOCF).
Statistically significantly greater proportions of patients in the desvenlafaxine 50-and 100-mg dose groups achieved improvement from baseline to week 8 (LOCF) for each of the prespecified shift endpoints of interest compared with the placebo group (all p ≤ 0.02; see Table 3 and Figure 1 ). There were no statistically significant differences between desvenlafaxine dose groups. The odds ratios for categorical improvements in SDS subscales for desvenlafaxine compared with placebo are shown in Figure 2A -C. The proportion of patients with at least one category improvement in each subscale (among patients scoring moderate/ extreme [ ≥ 4] in each scale at baseline) was also significantly greater for the desvenlafaxine groups versus placebo (both p < 0.001; see Table 3 and Figure 2D ).
Significantly smaller proportions of desvenlafaxinetreated patients versus placebo-treated patients worsened on the work/studies and family life/home responsibilities subscales (from moderate/no impairment [ ≤ 6] at baseline to marked/extreme impairment [ ≥ 7] at week 8 [LOCF]; both p ≥ 0.0027); no significant difference was observed for * Work/studies subscale: placebo, n = 1,296; desvenlafaxine 50 mg, n = 1,324; desvenlafaxine 100 mg, n = 540. LOCF = last observation carried forward; SDS = Sheehan Disability Scale. * n/N = number shifted/number moderate/extreme (≥4) at baseline. (Table 3 and Appendix Figure 1 ). There were no statistically significant differences between the desvenlafaxine 100-mg and placebo groups in the proportions of patients who had worsening of function during treatment on any SDS subscale (Table 3) .
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Predictor analysis
The predictive value of early functional improvement (at week 2 or 4) for achievement of a shift to mild/no impairment at week 8 (LOCF) was assessed in 1,007 patients with marked/extreme impairment (≥7) at baseline (only studies including the desvenlafaxine 100-mg dose). Percentage change from baseline over time in SDS total and subscale scores for those patients is shown in Figure 3 . At week 2, mean percentage change from baseline for the SDS subscale scores ranged from −25.4 to −26.3% for desvenlafaxine 50 mg, −21.8 to −23.4% for desvenlafaxine 100 mg, and −19.4 to −21.2% for placebo.
In the ROC analysis, optimal thresholds of improvement at week 2 for predicting a shift to a score of ≤3 (mild/no impairment) at week 8 (LOCF) from marked/ extreme impairment (≥7) at baseline ranged from 14.3 to 28.6% across treatment groups for the three SDS subscales; for all treatments combined, thresholds ranged from 20 to 25% (Table 4) . Optimal thresholds of improvement at week 4 ranged from 30.0 to 42.9% (all treatments, 37.5-40%; Appendix Table 2 ). Attainment of the threshold of change in SDS subscale score at either week 2 or 4 was a statistically significant predictor of a shift to mild/no impairment at week 8 (LOCF) for all SDS subscales, both overall and for each treatment group (all p < 0.0001; Appendix Table 3 ). For all treatments and on all scales, NPV exceeded PPV for early improvement at week 2 (NPV = 69.7-84.0, PPV = 49.6-72.6) and at weekweek 2 improvement, and specificity ranged from 64.9 to 73.2 (74.2-82.1 and 68.4-82.3, respectively, for week 4). The proportions of patients who shifted to mild/no impairment at week 8 (LOCF) were significantly higher among patients who attained the early improvement threshold compared with those who did not (OR [early improvement: yes versus no] = 3.35-8.14; all p < 0.0001; see Figure 4 and Appendix Figure 2 ).
Discussion
The results of this post-hoc analysis of categorical functional impairment shifts using SDS subscale scores demonstrate that greater proportions of desvenlafaxinetreated patients achieved shifts from marked/extreme impairment to moderate or mild/no impairment compared with placebo-treated patients. The proportions of patients shifting to less severe levels of impairment were significantly greater for desvenlafaxine compared with placebo for all prespecified endpoints: from moderate/extreme (≥4) to mild/no impairment (≤3), from marked/extreme (≥7) to moderate/no impairment (≤6), from marked/extreme (≥7) to mild/no impairment (≤3), and at least one category improvement in each subscale. Few patients treated with desvenlafaxine had adverse progress throughout treatment (i.e., shifted to poorer functional categories).
The current findings are consistent with those from previous analyses of SDS mean scores in desvenlafaxine trials showing significantly greater improvement from baseline for desvenlafaxine versus placebo. 20 The use of a 
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categorical approach to assess changes in function, however, might provide additional information on how individual patients' functioning evolved over time. 25 By examining shifts from marked/extreme impairment to moderate/no impairment versus mild/no impairment after 8 weeks of treatment, we addressed questions that are often raised in clinical practice regarding expectations for antidepressant treatment: How likely is a depressed patient with marked/ extreme impairment at baseline to show some improvement to moderate impairment or better over the course of short-term treatment with antidepressants? Would it be realistic to target mild/no impairment after 8 weeks of treatment? In the current analysis, more than 70% of desvenlafaxine-treated patients reached the first goal (improvement to moderate impairment or better) for each SDS subscale, whereas approximately 40% of patients reached the goal of mild/no impairment. These results suggest that, for most patients with MDD, a longer course of treatment may be needed to attain complete functional remission. In an analysis with another serotonin-norepinephrine reuptake inhibitor antidepressant (levomilnacipran compared with placebo), a greater percentage of patients with MDD shifted from moderate/extreme or marked/extreme impairment at baseline to mild/no impairment, and from marked/extreme impairment to moderate/ no impairment at study endpoint (week 8 or 10) on each SDS subscale and for SDS total score. 25 Clinical guidelines for the management of depression emphasize the importance of monitoring response to treatment in the first weeks in order to make critical optimizations or adjustments (when appropriate and needed) as rapidly as possible. 13, 14 There is a growing body of research examining the value of measuring early improvement in depression symptoms to predict clinical efficacy outcomes. 15 An approximately 20% improvement from baseline in depression scale scores (e.g., HAM-D 17 or MADRS total score) at week 2 significantly predicts clinical efficacy outcomes, such as symptom remission, at study endpoint. 15 Importantly, analyses have shown that failure to achieve early improvement can be an even stronger predictor of a poor clinical outcome, 43, 44 so that early optimization of treatment may result in faster and better outcomes (e.g., functional recovery). 15 In a previous analysis of data from desvenlafaxine trials, we found that early improvement in SDS total score at week 2 was a significant predictor of functional response or remission based on SDS total score (SDS total score ≤12 and <7, respectively), as well as combined functional/symptomatic remission (SDS total score <7 and HAM-D 17 total score ≤7) at week 8. 23 The results of the current predictor analysis further demonstrate that functional improvement at week 2 (or week 4) significantly predicts a shift in categorical measures of functioning-namely, from marked/extreme impairment (≥7) at baseline to mild/no impairment (≤3) for each SDS subscale. Based on the ROC analysis, the optimal threshold of improvement at week 2 for predicting functional outcome in this patient sample was approximately 20 to 25%, which would correspond to roughly a 1-to 2-point improvement in a subscale score for patients with marked impairment at baseline. Thus, failure to show a 1-to 2-point improvement on SDS subscales after 2 weeks of treatment suggests that the patient may need a treatment adjustment in order to eventually achieve full functional recovery. At week 4, an improvement of approximately 3 points on an SDS subscale (≈30-40% improvement from baseline) also significantly predicts functional outcome, with a higher sensitivity and specificity compared with achievement of the 2-week threshold. This post-hoc analysis had several limitations. First, this analysis was based on data pooled from multiple studies, which had some differences in design (e.g., number of treatment arms, duration of treatment, enrollment criteria). Also, none of the pooled studies was originally designed to assess functioning (i.e., SDS) as a primary endpoint. The generalizability of the current results is also limited by the sample characteristics: patients with few significant medical or psychological comorbidities were enrolled in the pooled studies. Finally, it would be of interest to fully explore the relationship between shifts in functioning and improvements in depressive symptoms over the course of antidepressant treatment. In a previous post-hoc analysis of a desvenlafaxine trial, early improvement in depressive symptoms was a significant predictor of SDS total score at week 12. 45 Although outside the scope of the current analysis, future studies could better determine the association and timing of shifts in functioning as they relate to changes in symptom severity.
Conclusions
Categorical improvements in functional impairment, as measured by shifts in SDS subscale scores, were observed in greater percentages among patients treated with desvenlafaxine 50 or 100 mg/d compared with those who received placebo. Improvement in SDS subscale scores significantly predicted functional outcomes. The optimal early improvement threshold for predicting mild/no impairment at week 8 (LOCF) was an approximately 20 to 25% change, or a 1-to 2-point improvement, from baseline at week 2. These results suggest a potential role for early monitoring of functioning (in addition to symptomatic relief) in the course of antidepressant treatment; for that, the use of measures such as the SDS may help clinicians determine sooner than later whether treatment adjustments are needed. 
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